Transient cortical blindness (TCB) is a rare complication after cerebral or coronary angiography. In this article, we elaborate the condition and present a case which occurred in our hospital. With increasing numbers of diagnostic angiographies and endovascular interventions, we want to raise awareness of TCB and its clinical course. We report about a 57-year-old woman with TCB after a diagnostic digital subtraction angiography (DSA) and endovascular treatment of a ruptured aneurysm of the basilar tip. Symptoms disappeared spontaneously after 36 h with no residual deficits. Multimodal imaging including non-contrast enhanced cerebral CT-scan (NECT), cerebral magnetic resonance imaging (cMRI), and cerebral DSA are presented. Despite the seemingly grave event, the prognosis of this condition can be considered as excellent. The exact pathophysiology remains speculative, but might be related to contrast agent neurotoxicity with transient disruption of blood brain barrier integrity. Immediate computed tomographic angiogram (CTA) and CT-scan or magnetic resonance angiography (MRA) and cMRI should be performed after an occurrence of a suspected TCB to rule out embolic occlusions or hemorrhage. The administration of steroids can be considered.
A 57-year-old woman was admitted to a peripheral hospital because of an acute strong headache. After clinical examination, a non-contrast-enhanced cerebral CT-scan and a contrastenhanced (75 ml Ultravist 370) CTA was immediately executed. In the NECT, no intracranial hemorrhage was depicted. The CTA revealed a sacciform aneurysm of the basilar tip ( Fig. 1) . For further investigation, the patient was transferred directly to the intensive care unit (ICU) of our hospital, a highvolume center of subarachnoid hemorrhage (SAH) treatment. In her medical history, she suffered from high blood pressure which has been treated with bisoprolol. Except that, her medical history was unremarkable. On arrival, she was awake (Glasgow Coma Scale (GCS) 15), mildly hypertensive and without pain. On examination, no focal neurological deficits were found. A lumbar puncture was performed, which indicated a preceding subacute subarachnoid hemorrhage.
The DSA the next morning was confirming a solitary, sacciform aneurysm of the basilar tip, measuring 4 × 2, 5 × 2 mm as the assumable cause of the hemorrhage. After interdisciplinary neuroradiological/neurosurgical discussion, indication for an endovascular treatment was determined. Informed consent with the patient was reached. Complete coiling was performed under general anesthesia immediately after the diagnostic DSA. For the DSA and endovascular treatment, 230 ml Visipaque 320 was used.
The postinterventional native cerebral flat panel CT-scan in the angio suite revealed a mild breakdown of the blood brain barrier with symmetrical cortical leakage of contrast media in both occipital lobes and no signs of an intracranial hemorrhage (Fig. 2 ).
This article is part of the Topical Collection on Imaging Back in the ICU, after being fully awake (GCS 15), the patient reported about an almost complete blindness of both eyes and was only able to differentiate between bright and dark. There were no other focal neurological deficits. An anticoagulation therapy with heparin was established. To rule out a thromboembolic complication, a cerebral NECT and CTA was performed and showed no signs of hemorrhage, no early signs of infarction and no vessel occlusions. The contrast media leakage had completely disappeared and a discreet edematous swelling of the occipital lobes was visible.
Considering the immediately preceding DSA before symptom onset, the diagnosis of TCB was suspected and the patient was informed. While the blindness was stable, an ophthalmological examination the following day revealed no other potential cause responsible for the symptoms. Nimodipine was administered for vasospasm prophylaxis. The vision of the patient progressively fully recovered 36 h after onset. We stopped therapeutic heparinization and proceeded with a prophylactic dose of 40 mg of enoxaparin per 24 h.
Avoiding further administration of iodine contrast agents, a native cerebral MRI with a time of flight (TOF) MRangiography 5 days after onset of blindness was conducted. It showed the complete elimination of the aneurysm of the basilar tip and no signs of vasospasm. Subtle cortical respectively pial T2w hyperintense signal alterations were detected in the occipital lobes on both sides as a result of the blood brain barrier (BBB) disruption. In a second, ophthalmological examination after subjective total recovery no vision impairment was found at all. The patient was transferred to the general ward of the department of neurosurgery and received repeated transcranial Doppler examinations without detection of any vasospasms.
Discussion
TCB has been reported to be a rare but dramatic complication after conventional angiography. Most reports refer to an older article by Studdard et al. with an incidence of 1-4% after cerebral angiography [1] . Although other nonspecific symptoms can occur, TCB typically presents with bilateral visual loss within minutes to hours after angiography. It resolves within hours or days after the procedure. Ophthalmological exams of the eye itself are typically without any pathological findings [2] .
Other pathologies have to be excluded before TCB can be suspected. Especially ruling out an embolic or hemorrhagic event first is essential.
In addition to the clinical symptoms, typical CT findings include cortical contrast enhancement and cortico-subcortical edema, as well as rarely efflux of contrast media in the subarachnoid space.
Not all patients with suspected TCB show these alterations. In a recent report by Tong which included 12 different cases, only half of the patients showed abnormal CT scans with unilateral or bilateral changes in the occipital lobes. The rest had normal CT scans [3] . All of the cases (except one) underwent CT scans within hours after blindness occurred.
In MRI, however, 85.7% showed abnormal findings (six of seven available MRIs), especially on FLAIR (fluid-attenuated inversion recovery) and diffusion weighted sequences [3] . The underlying mechanism of the pathophysiology in TCB remains speculative and is still controversially debated. An association with hypertensive encephalopathy is suggested and/or a disturbance of the cerebral autoregulation in the posterior circulation [4] . Both can cause a leakage of the BBB and a subsequent edema of gray and white matter [5] . Administration of ionic contrast agents has also been reported to be an etiological factor, because it induces an elevation of the potent vasoconstrictor endothelin, which could lead to higher endothelial cell permeability and furthermore to a breakdown of the BBB [2] . Additionally, a connection has b e e n d r a w n t o t h e p o s t e r i o r r e v e r s i b l e leukoencephalopathy syndrome (PRES), as the pathomechanism for this disease is a disruption of the BBB. As in TCB, typical MRI findings in PRES include high signal in FLAIR and DWI (diffusion weighted imaging) in parieto-occipital white matter and sometimes patchy contrast enhancement. Therefore, TCB has been suspected to be a result of PRES [6] .
In our case, a native cerebral MRI 5 days after the symptom onset showed only subtle and indirect signs of BBB disturbance.
No specific treatment is available and actually no treatment is needed due to the self-limiting and reversible nature of TCB. In clinical practice however, TCB often is not suspected until the recovery of the vision loss, which is why Tong et al. advocate the administration of steroids, hydration, and anticoagulation [3] . Steroids stabilize the BBB and theoretically reduce the vasogenic edema.
In our hospital, we perform about 350 cerebral digital subtraction angiographies and interventions per year, but this was the first case presenting with complete bilateral cortical blindness.
For the angiography/intervention of the mentioned patient in our hospital, which directly preceded the TCB, 230 ml of Visipaque 320 have been used. On account of added electrolytes to the solution, this agent is considered isotone. Although ionic solutions are considered to be more toxic than non-ionic agents, several cases of TCB have been reported with use of the latter. [7] Before that, in the peripheral hospital, a CT angiography was conducted with 75 ml of Ultravist 370. We used the same amount of the same agent directly after the occurrence of the TCB to differentiate TCB from embolic infarction.
Conclusion
TCB is a rare complication after conventional angiography. The diagnosis is challenging and might not be confirmed until complete recovery from vision loss. The underlying pathology remains unclear, but may be related to contrast agent neurotoxicity with transient disruption of BBB integrity [2, 6] .
The prognosis of TCB can be considered excellent, because a complete recovery of vision within a few days is common. If specific pharmacological interventions, such as steroid administration, support the recovery, is yet to be investigated. It has been shown, that the repeated use of iodinated contrast agent in people who have previously developed TCB, can be considered safe [8] . Therefore, an immediate CT and CTA or MRI and MRA should be performed after occurrence of a suspected TCB to rule out embolic occlusions or hemorrhage. Furthermore, the dramatic presentation of TCB might lead to unnecessary uncertainty for the patient. Awareness for this rare phenomenon followed by early and correct confirmation of TCB might protect patients from counterproductive agitation.
